Abstract
Introduction

26
Atmospheric aerosols directly affect the global climate by altering the radiative balance of the Earth atmosphere Here 'Dp' is the particle diameter, k is the Boltzmann constant (1.38 x 10 -19 cm 2 kg s -1 ), µ is the viscosity of air
165
(1.81 x 10 -7 kg cm -1 ) and T is the surface temperature in Kelvin. Next, the condensation sink was calculated
166
based on the assumption that the properties of condensable vapors were similar to sulfuric acid, an important 167 condensable gas for the condensational growth of nucleated particles (Kulmala et al., 2013) . CS is defined as:
170
where D is the diffusion coefficient for sulfuric acid ~0.117 cm -2 s -1 (Gong et al., 2010) and mj is the size 171 dependent transition correction factor. The number concentration of aerosol particles in the size range of 5-25
172
nm was used to estimate the FR and GR. The CS and Fcoag were calculated using the entire PSND (~5-900 nm).
173
The units of FR, GR, CS and Fcoag are cm -3 s -1 , nm h -1 , s -1 and cm -3 s -1 respectively.
175
NanoMap
176
The NanoMap method developed by Kristensson et al.(2014) , aims at representing the spatial distribution of 177 regional NPF events based on the meteorological backward trajectories and continuous PNSD measurements at 178 a point station. NanoMap gives an estimation of where NPF takes place at the point of formation of 1.5 nm 179 diameter particles up to at least 500 km distance upwind of the sampling site. This method is based on the 180 assumption that the measured NPF is a regional event and takes place over the full area covered by the regional
181
NPF event with the same nucleation start and end time. The NanoMap procedure follows four basic steps -(i)
182
classification and identification of type I NPF events (ii) choosing the start and end time of particle formation at 
189
NanoMap is intended both for short data set (months to a few years) and longer data sets (several years or 190 longer, where even the probability of formation as a function of geographical region can be estimated). In this 191 study, the dataset of four months (from November 2016 to February 2017) is used to explore where the events 192 take place. The lowest detection limit diameter of WRAS is 5 nm and nucleated particles need some time to
193
grow from the initial size of 1.5 nm (Kulmala et al., 2013 
Results and Discussion
200
The PNSD data measured during the study period were analyzed to identify the NPF events at HACPL. NPF 
210
Further, the contribution of newly formed particles to CCN was evaluated. 
225
This delay was likely due to the lower limit of WRAS (5.14 nm) where it takes some time for nucleated cluster 226 particles at 1.5 nm diameter to grow to the detectable size at 5.14 nm). This is also the reason why the 227 representative value of CS in Table 1 at the onset of nucleation is chosen as one hour prior to the first observed 228 nucleation by the WRAS at 5.14 nm. During the nucleation process, high solar radiation (mean ~437±31 Wm 
231
According to Figure 1 , the particles were continuously formed at 5 nm diameter for a minimum of 2 hours and 232 then grew at a rate of 2.5 nm hr -1 (12 th Dec) to a median size of 40 nm in due course of approximately 6 hours.
233
The growth of particles shifted in the particle size distribution from nucleation to an Aitken (Nait) and/or 234 accumulation (Nacc) regime in the early morning of 13 th December (01:00 hrs). that the photo-oxidation has caused the rapid production of condensable vapors ( Figure S1 ). The diurnal 239 variation of coagulation sink with its peak (hourly maximum ~ 9 cm -3 s -1 ) at 13:00 hrs suggested the maximum 240 coagulation removal of newly formed particles during this time period ( Figure S1 ). The coagulation sink for 241 other strong NPF days is reported as an average throughout the day ± standard deviation in Table 1 .
243
On the other hand, the non-NPF day (14 th December) tended to have particle size distribution without a peak in
244
Nnuc and contained only Nait and/or Nacc particles. The mean PNC during 11:00-16:00 hours was observed to be 245 6.6*10 3 ± 1.5*10 3 cm -3 with the GMD calculated for the entire size distribution, varying between 45 to 80 nm.
246
During this period, high relative humidity (mean ~86 ± 4 %), high wind speed (mean ~6 ± 1 ms -1 ) and low solar 247 radiation (mean ~238 ± 62 Wm -2 ) was recorded. It is believed that high relative humidity (>80%) tends to limit 
251
The ambition was to calculate NPF parameters only during days with strong NPF. From the 13 strong NPF 252 event days, 3 of these had gaps in data for a few hours, and NPF parameters were not possible to calculate, and 253 hence only 10 strong events have been analyzed for NPF parameters. For these 10 events, the growth rate of 254 nucleation mode particles was found to be linear with an average growth rate of 2.6 ± 0.4 nm hr ). The characteristic parameters for all 256 strong NPF events days and 2 non-NPF days (for reference) are summarized in Table 1 . 
273
Therefore it is assumed that the ammonium available in atmosphere would be used up by the pre-existing anions 
Contribution of NPF to CCN
294
In order to become CCN, the freshly nucleated particles must attain a minimum size of ~40nm. To determine 295 the probable contribution of these particles to CCN, simultaneous measurements of CCN were carried out. 
301
The percent increase was calculated by comparing the CCN concentrations before and after the nucleation 302 event. The two time windows were selected as -"Window 1 (W1) and Window 2 (W2)" representing the time 303 periods before and after the nucleation event respectively (Please see Figure 1 ). While choosing these windows,
304
the care was taken to ensure that: (i) there were no primary emissions, (ii) meteorological conditions were 305 sufficiently stable, and (iii) the geometric mean diameter (GMD) of particles was well above 40 nm. In this 306 study, primary organic aerosol (POA= HOA+BBOA) was used as a marker for the primary emissions. The 307 stable meteorological conditions were defined by stable wind speed and wind direction. Further it should be 308 noted that for the days with successive NPF events, W1 was chosen just before the initiation of nucleation event.
309
The second time window was selected when the GMD of aerosol particles was well above the 40 nm. (Table 2) . In this study, POA (primary organic aerosol) was also used as a variation of PNC in these 3 modes for each cluster is shown in Figure S2 .
366
Nucleation mode -The particles in this mode showed significant increase in number concentration from 11:00 367 to 15:00 hours for clusters C1 and C2 with the considerable decrease in Nait concentration. This increase was 368 mainly influenced by the formation and growth of new particles under favourable meteorological conditions.
369
However, a faded increase in the number concentration was also observed for cluster C3 between 13:00 and 370 15:00 hours ~1155 cm -3 ). This diminished nucleation was attributed to the interference caused by a sudden 371 increase in Nait concentration at the onset of nucleation. Thereafter, the nucleation event persisted for few hours.
372
Conversely, no nucleation process was observed for clusters C4 and C5. The diurnal variation of Nnuc particles 373 exhibited high concentration during morning, afternoon and evening hours. However, these Nnuc peaks 374 coincided well with the Nait concentration peaks. The simultaneous peaks in the two modes suggested the 375 emission of nucleation particles directly by local sources.
377
Aitken mode -For all the air mass cluster types, the particles in this mode reflected a morning (~08:00 hrs) and 378 an evening (~18:00 hrs) peak corresponding to traffic rush hours. In addition, clusters C3, C4 and C5 showed 2.0*10 3 cm -3 , 1.8*10 3 cm -3 , 1.4*10 3 cm -3 and 2.1*10 3 cm -3 for clusters C1, C2, C3, C4 and C5 respectively.
391
The above analysis revealed that the clusters associated with continental air masses favoured new particle variation of Nnuc, Nait and Nacc, it was assumed that the concentration of Nait is influencing the occurence of NPF.
395
It was noticed that the concentration of Nait during the morning hours was well below ~3*10 3 cm -3 for 396 continental clusters and much above ~5.5*10 3 cm -3 for the foreign clusters. Also, the nucleation process was 397 found to be inhibited for cluster C3 by the sudden increase in Nait concentration (~2.7*10 3 cm Figure S3 .
411
The PNC in the Aitken mode during 07:00 -09:00 hrs was found to be ~2.2*10 3 cm -3 , ~3.6*10 3 cm -3 and 412 ~2.6*10 3 cm -3 on NPF, non-NPF and weak NPF day respectively for the three selected days. The variation of November as well. However, the Nait concentration was much lower than that observed on the non-NPF day.
425
Secondly, the molar ratio of ammonium to inorganic anions was calculated as ~1.4. Since both source
426
(ammonia) and sink (pre-existing particles due to fresh anthropogenic emissions) entities were present in high 427 amount, it was not likely inhibiting NPF as suggested in section 4.2. Instead, relatively unfavourable 428 meteorological conditions inhibited strong formation on the weak NPF event day. Moreover, the interference by 429 fresh emissions during noon time was assumed to suppress the nucleation activity and hence lead to the weak
430
NPF day with maximum Nnuc ~ 4.5*10 3 cm -3 at 15:00 hrs.
432
Since the nucleation process in this study was influenced by the transported anthropogenic pollution, the 433 chemical composition of each cluster was also evaluated. Table 3 gives the mass concentration of organic and to earmark the source area and frequency of the formation of 1.5 nm diameter particles along the trajectories.
465
The data was available for 95% of total days (115 days out of 120 days). During these days, 34% of days (~40 466 days) were identified as type-I NPF event days. All the events were easily analyzable with respect to start time to identify the occurrence of nucleation events. Ample NPF events were observed with a frequency of ~40%.
493
Certain meteorological conditions were favourable during the study period for NPF, and local and long range 
498
± 2.9 *10 -2 s -1 and 1.6 ± 1.0 cm -3 s -1 respectively.
499
(ii) Fresh anthropogenic emissions (resulting in high Nait concentration) or unfavourable meteorology led to 500 weak or no NPF events. On the basis of cluster analysis of backward trajectories, a concentration lower than 501 3*10 3 cm -3 was earmarked as the threshold value of Aitken mode particles favoring nucleation. During the non-
502
NPF event days Nait concentrations were significantly higher.
503
(iii) The analysis suggested that (a) the air masses influenced by biomass burning fromnorth-east and (b) high 504 wind speed just before the nucleation event favored nucleation at HACPL.
505
(iv) The growth of freshly nucleated particles persisted for ~ 6-7 hours and led to the significant enhancement in 506 mass concentration of aerosol (OOA, sulfate and nitrate).
507
(v) The NPF events acted as the significant source of CCN with the mean percentage increment of ~53 ± 36%.
508
(vi) NPF took place up to several hundred kilometers upwind to the north-east of HACPL.
510
Data availability
511
The data used in this study are from the data repository of HACPL, part of IITM, Pune and will be made 512 available on request. 
